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Abstract of the contribution:

Two problems exist in 23.682 CR0154 rev 4:

NIDD configuration is not supported unless the UE is attached, since the current figure in 5.x.1 includes immediately going to the MME for NIDD configuration, and the text does not consider that the UE may not be currently attached.

CIoT devices that are battery constrained need to wait as little as possible while awake to receive any potential MT NIDD messages. If they do not wait, per current 5.x.3 procedures of rev 4, the MT NIDD may arrive too late. If they wait, they may unnecessarily burn battery.
Introduction

The work already completed on NIDD in endorsed CR S2-154400 and in rev 4 of that same CR has laid a good framework for configuration and transfer of MO and MT NIDD content. However, two problems exist.
1. Clause 5.x.1 does not provide the ability to preconfigure a subscriptionfor NIDD.

2. Clause 5.x.3, as found in rev 4 of the CR, can result in the UE returning to sleep mode before a MT NIDD can be delivered  to it, or could result in extra battery consumption by the UE while waiting to see if a MT NIDD is pending DL delivery.

This discussion paper looks at these two problems and potential solutions.

Discussion

1. NIDD Configuration for a UE
Below is the NIDD configuration procedure in clause 5.x.1 of rev 4 of the CR:

5.x.1
Configuration for NIDD procedure
Figure 5.x.1-1 illustrates the procedure of configuring necessary information at the SCEF, the HSS, the MME, and optionally the IWK-SCEF for NIDD. The procedure can also be used for replacing and deleting configuration information.
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Figure 5.x.1-1: Configuration for NIDD procedure

1.
The SCS/AS sends an NIDD Configuration Request (External Identifier(s) or MSISDN(s), SCS/AS Identifier, SCS/AS Reference ID, Maximum Number of NIDD, NIDD Duration, NIDD Destination Address, SCS/AS Reference ID for Deletion, Non-IP Data) message to the SCEF.

NOTE 1:
A relative priority scheme for the treatment of multiple SCS/AS NIDD Configuration Requests, e.g. for deciding which requests to serve under overload condition, can be applied. This priority scheme is used locally by the SCEF, i.e. it is not used nor translated in procedures towards other functions.
NOTE 2:
MT non-IP data in the SCS/AS can trigger the NIDD Configruation Request message. The SCEF can send the MT non-IP data after the Configuration for NIDD procedure.
2.
The SCEF stores SCS/AS Reference ID, SCS/AS Identifier, NIDD Destination Address, NIDD Duration, and Maximum Number of NIDD. The SCEF assigns an SCEF Reference ID. Based on operator policies, if either the SCS/AS is not authorized to perform this request (e.g. if the SLA does not allow for it) or the NIDD Configuration Request is malformed or the SCS/AS has exceeded its quota or rate of submitting NIDD Configuration Requests, the SCEF performs step 9 and provides a Cause value appropriately indicating the error. If the SCEF received an SCS/AS Reference ID for Deletion, the SCEF derives the related SCEF Reference ID for Deletion.
3.
The SCEF sends an NIDD Configuration Request (External Identifier or MSISDN, SCEF ID, SCEF Reference ID, Maximum Number of NIDD, NIDD Duration, SCEF Reference ID for Deletion, Chargeable Party Identifier) message to the HSS to configure necessary information for NIDD on the HSS and on the MME, if required.
4. The HSS examines the NIDD Configuration Request message, e.g. with regard to the existence of External Identifier or MSIDSN, whether any included parameters are in the range acceptable for the operator or whether the NIDD configuration that shall be deleted is valid. The HSS optionally authorizes the chargeable party identified by Chargeable Party Identifier. If this check fails the HSS follows step 8 and provides a Cause value indicating the reason for the failure condition to the SCEF.


The HSS stores the SCEF Reference ID, the SCEF ID, Maximum Number of NIDD, NIDD Duration and the SCEF Reference ID for Deletion as provided by the SCEF.

5.
The HSS sends an Insert Subscriber Data Request (SCEF ID, SCEF Reference ID, Maximum Number of NIDD, NIDD Duration, SCEF Reference ID for Deletion, Chargeable Party Identifier) message to the MME, e.g. during the attach procedure.
...

11.
The HSS sends an NIDD Configuration Response (SCEF Reference ID, Serving MME Address, IWK-SCEF ID, Cause) message to the SCEF to acknowledge acceptance of the NIDD Configuration Request and the deletion of the identified NIDD configuration, if it was requested. The HSS deletes the NIDD configuration identified by the SCEF Reference ID, if it was requested. The HSS includes the Serving MME Address information for the SCEF to send non-IP data to the MME for MT NIDD to the UE. If the HSS received the IWK-SCEF ID in step 10, it includes the IWK-SCEF ID instead of the Serving MME Address in the NIDD Configuration Response message.
Note that step 5 of the procedure does not allow for the possibility that the UE is not attached. Further step 11 requires that the HSS return the Serving MME Address/IWK-SCEF ID to the SCEF as a response to step 3. Thus, successful early NIDD configuration for a UE is not possible.

Possible Solutions:
1. Inform the SCEF that the UE is not attached, and set a flag to notify the SCEF when the UE attaches to notify the SCEF and allow it to repeat the procedure.

· PROS:

· The SCEF can perform successful NIDD configuration for a UE when it attaches.

· CONS:

· The HSS must perform extra actions to set a flag to notify the SCEF.

· The SCEF must send a second NIDD configuration request when the UE attaches, thus at least doubling the work in the HSS.

· There is no provision for mobility to a different MME.

· Non-IP Data Delivery fails if the serving MME is not able to deliver the data to the UE. This would result in (nearly systematic) failure of Non-IP Data Delivery initiated by the network towards UEs using power saving mechanisms such as extended idle mode DRX (as the UE is actually listening to the paging channels during a very small amount of time, e.g. possibly only during 10s every 43 minutes).

· With the solution of the SA2 endorsed CR, the SCS/AS would need to subscribe to be notified when the UE becomes reachable prior to  initiating any MT Non-IP Data Delivery to the UE, which would cause excessive signalling in the network including signalling at the HSS (just to send some DL data) for every network initiated NIDD towards the UE and be far less signalling efficient than MT SMS procedures towards UEs using a power saving mechanism such as extended idle mode DRX (which have been enhanced in Rel-13 for eDRX). See the flow in the Annex of this discussion paper.

· There is no synchronisation between the SCS/AS and the MME about the time period during which the MME maintains the signalling connection with the UE. So there is no guarantee that the SCS/AS will retransmit the Non-IP Data during the time window where the signalling connection is maintained (e.g. due to SCS/AS overload). See the flow in the Annex of this discussion paper.

2. Accept the NIDD configuration and store it in the subscription data. Notify the SCEF that the NIDD configuration is successful. Have the MME notify the SCEF when it becomes the serving MME for the UE.
· PROS:

· The SCEF can perform successful NIDD configuration for a UE when it attaches.

· The SCEF sends only a single NIDD configuration request.

· Whenever an MME becomes the serving MME for a UE configured for NIDD, the SCEF is notified (at attach and mobility).

· CONS:

· The MME is required to send a message to the SCEF upon UE attach/mobility.

Proposal 1: Adopt solution 2 as the most effective and least impacting to the HSS.
2. MT NIDD delivery to a UE using eDRX
Below is the MT NIDD delivery procedure in clause 5.x.3 of rev 4 of the CR:

5.x.3
MT NIDD procedure
The SCS/AS can send non-IP data to the UE via the SCEF. For the transmission of non-IP data via the SCEF, the SCS/AS must have requested NIDD configuration. The reference IDs of SCS/AS and SCEF used in this procedure were obtained via the Configuration for NIDD procedure.
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Figure 5.x.3-1: MT NIDD procedure

1.
The SCS/AS needs to send MT non-IP data for the UE.
2.
The source node sends an MT NIDD Request (SCS/AS Reference ID, Non-IP Data) message to the SCEF. 

3.
Using the SCS/AS Reference ID, the SCEF retrieves the associated SCEF Reference ID along with the Serving MME Address (step 3a) or the IWK-SCEF ID (step 3b). 

If the Serving MME Address is available, the SCEF sends an MT NIDD Request (SCEF Reference ID, Non-IP Data) message to the serving MME (step 3a). If the IWK-SCEF ID is available, the SCEF sends an MT NIDD Request (SCEF Reference ID, Non-IP Data) message to the IWK-SCEF (step 3b). The IWK-SCEF sends an MT NIDD Request (SCEF Reference ID, Non-IP Data) message to the serving MME.

4.
The MME delivers the non-IP data to the UE (see clause x.x of TS 23.401 [7]).

5a.
The MME responds to the MT NIDD Request towards the SCEF.


If the MME cannot deliver the MT non-IP data, the MT NIDD Request shall be rejected towards the SCEF with a proper cause value. The SCEF sends a Subscriber Information Request (External Identifier or MSISDN) message to the HSS to retrieve the related HSS stored Serving MME Address and the HSS sends the Subscriber Information Response (External Identifier or MSISDN, Serving MME Address, cause) message. The SCEF performs step 3 with the new Serving MME Address.

5b.
The MME responds to the MT NIDD Request towards the IWK-SCEF and the IWK-SCEF responds to the MT NIDD Request towards the SCEF.

6.
The SCEF responds to the MT NIDD Request towards the SCS/AS.
Note the following issues in this flow:

· If the UE is sleeping, e.g., as a result of eDRX, the only possibility left open for stage 3 is to send a cause value in step 5/5a indicating lack of delivery due to eDRX. There is no indication of when the UE will be available.
· If the UE moves to a new MME, the SCEF must query the HSS to determine the new MME. If the UE wakes up only once every 24 hours, the likelihood that the UE has gone back to sleep before the SCEF can send the MT NIDD to the new MME is very great – causing a long delay in MT NIDD delivery.

Possible Solutions:
1. Use the MONTE notification of UE availability feature to notify the SCEF when MT NIDD can be delivered

· PROS:

· This solution reuses an existing MONTE feature.

· CONS:

· If the MONTE notification is configured for a single report, signalling via the HSS will be required to notify the SCEF.

· If the MONTE notification is configured for multiple reports, the signalling is sent directly from the MME to the SCEF, but it must be sent every time the UE becomes pageable. This will result in many notifications when no MT NIDD is queued at the SCEF.

2. Create tighter communication between the MME and SCEF to coordinate MT NIDD delivery for the following two cases:
· The UE is sleeping, e.g., due to eDRX, at the time of the MT NIDD delivery attempt. 

· The UE moves to a new MME.

The aspects of this solution include:

1. The SCEF will wait some period of time for acknowledgement of a MT NIDD delivery request. If the MME knows this time limit, it can decide, based on the UE’s expected wake-up time, whether to queue the MT NIDD internally and deliver it when the UE wakes up. 

2. The MME can reject the MT NIDD with an indication of when the UE is expected to wake up, thus allowing re-delivery of the MT NIDD without further prompting by the MME.

3. When the UE moves to a new MME, the NIDD configuration is transferred to the new MME. Assuming the new MME is capable of handling the NIDD service, the new MME notifies the SCEF that it is now controlling the UE. The SCEF can immediately begin to transfer any queued MT NIDD content to the new MME.
· PROS:

· Allowing the SCEF to tell the MME how long it will wait for a reply to a MT NIDD request allows the MME to potentially queue the MT NIDD content, thus avoiding extra signalling with the SCEF (MT NIDD Reject and retransmission).

· By indicating to the SCEF when the UE is expected to wake up, the MME makes it possible for the SCEF to retransmit the MT NIDD just in time for delivery at the next opportunity.

· Having the new MME notify the SCEF of its control of the UE provides the earliest possible notification to the SCEF and includes all information necessary to allow immediate MT NIDD delivery.

· When the MME rejects the MT NIDD back to the SCEF with an indicated retransmission time, the MME can discard any state regarding that MT NIDD content, since the SCEF becomes responsible for it.

· The probability of successful MT NIDD delivery is increased.

· CONS:

· The MME is required to send a message to the SCEF upon UE attach/mobility.

Proposal 2: Adopt solution 2 as the most effective and least impacting to the UE, SCEF, and HSS.
Conclusions
Two solutions are proposed that improve NIDD configuration and MT NIDD delivery.
Proposal 1: Adopt solution 2 as the most effective and least impacting to the HSS.

Accept the NIDD configuration and store it in the subscription data. Notify the SCEF that the NIDD configuration is successful. Have the MME notify the SCEF when it becomes the serving MME for the UE.
Proposal 2: Adopt solution 2 as the most effective and least impacting to the UE, SCEF, and HSS.
Create tighter communication between the MME and SCEF to coordinate MT NIDD delivery for the two cases of a UE in eDRX and UE mobility to a new MME.
These two proposals are incorporated in TS 23.682 CR0154 rev 5 found in S2-16xxxx, which is proposed for approval.

ANNEX
The call flow resulting from the use of the existing SA2 endorsed CR in S2-154400 would be as follows:
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1. The SCS/AS needs to send MT non-IP data to the UE.

2. Since the MT NIDD Request would be rejected if the MME was not able to deliver the MT non-IP data to the UE, the SCS/AS needs first to request to monitor when the UE is reachable.
3. The SCEF configures the monitoring event in the HSS, as specified in the Monitoring Feature specified in 3GPP Rel-13 (see 3GPP TS 23.682).

4.  The HSS configures the monitoring event in the serving MME, as specified in the Monitoring Feature specified in 3GPP Rel-13 (see 3GPP TS 23.682).

5 to 7. The SCS/AS is notified via the HSS and SCEF that the monitoring request has been taken into account by the network.

8. The MME pages the UE at the next paging occurrence of the UE (taking into account the extended DRX cycle negotiated with the UE for a UE using extended idle mode DRX). 

9. The UE responds to the paging request.

10. The MME notifies the SCEF that the UE is available. The MME also maintains the signalling connection with the UE to allow subsequent exchange of signalling or data to the UE.

11. The SCEF notifies the SCS/AS that the UE is available.

12. The SCS/AS initiates the transfer of the non-IP data to the UE.

13. The SCEF sends the non-IP data towards the serving MME.

14. The MME transfers the non-IP data to the UE.

15 to 16 The successful transfer of the non-IP data to the UE is reported to the SCS/AS.
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